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SUMMARY

Tests have” been made In the

John W. Draper

..

HAOA free-flight tunnel
to determine the affept of the fueelage length-and the
aapect ratio and eise of the vertical tail on lateral
stability and control. Fuselages of.two different lengths
and varloum vertical tail surfaces were ueed on p powered
model in the 5n~estigation. Both fllght and foroe tests
ware made.

The teate indicated that a defioienky of tail area
oould not be overcome by an increase in fuselage length
because the unstable moment of the fuselage aa well aa
the tail effeatlveneefa increa8ed directly with the tall
length. With a positive dagroo of directional stability.
however. an increaee in tall” length provid~d inereaeed
stabilit~. An inme~ao In th~ aswct ratio of th~ v~rti-
cal tall from 1.00 “to-”2q2& imcroaeod th.a.tail offoctivo-
nocts by 67 percent.. Power had a etabllizlng offoot on
dirootional stability for aing%o vartiaal tailsl .whoroas
a dostabllizing offaot was observed for twin talls~
Dorsal fins Impnoved the directional stability at large “
angles of yaw.

J“ IHT30DUOTEON . .

The demand for increased performance of pursuit alr-
planee has made it imperative that +he tall eurfaoes be
restricted to the minimum areaO required for aatiefactory
dlreotional etability and control. OQe possible means of
compeneatlng for a redmtion In tall size Ie to lengthen

.-.
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the fueelage. In ord;r. to provide data on the possible
reduotlons in tail area .with an increased tall length.
tests have been made hi the I!UOA free-flight tunnel of
fuselages of two different lengthn on a l/10-scale,
dynamic, powered model of a typical pursuit airplane.
The long. funelage incorporated some additional drag-
reducing features: !l?heengine covliag wag enlarged to
accommodate the auxiliary cooling ducts and the mean
line of the fuselage was modified. The nose of the fuselage
waa extended somewhat to maintain the orlglnal location
of the center of gravltya

In the. Investigation- the lateral-eitabsllty and
lateral-oontrol characterlstica of the model In flight
in the tunnel wede detorminod with both fuselage lengths
for four singlo ,vartictal tailta with two dli’feront aroaa
and two atapoct ratios. Dor8nl fins were added to two
of the talls~ The flight tests wore supplamentad by
forco toete on the six-component balanco in tho same
tunnel, In addition, force teats were made with a twin
tall having the same total area and the ea~e aepect ratio
ae the largeet single tail.

.

SYMBOLS AHD 00E~l’ICIEl?TS” . , “ “

CL lift coefficient (qqs)

~D drag coefficient (D/@) . . ...

cl rolling-moment coefficient. (L/qbS) ,.-. ..

Om . pitching-moment coefficient” ~M/q~&) . ..

“Cy lateral-force odefflcitint. {,ytqs).” . “. . ~. .. .

cm yawing-moment coefficient’ (?qqbs}. “
.

where . .

L lift; rolling moment

D drag

M pitching moment ‘~.

Y lateral force “
...-

ZT. yawing moment” .

.1
.

..”

. . .
. .

. . ..
. ... . .
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and
., -.. -- . . . . .. .. . .. . . .. . .. . ... .-. ——,-- --. , . . . . . . . ,

dynamio pressure bva) . “ .’ :.

dynamic preesurb at tail looation

density of air, slug per cubic footP

airspeed; feet per seoondv

model win~ area, equare feet“s “

vertical tall area, equare feet

b modol wing span, feet .

nvarege model wing ohord, feet

thrust disk-loading coefflciont (T/pVaDa)

thruet, pounde

T=

T

D diamotor of model propellar, feet

torquo, pound-faot

torquo coafficlont (Q/pVaD3)%2
..

anglo of attack of thrust line, dogroosaT

8+J

*

flap defleet~on, degrees

angle of yaw of model, degreee

slope of lift ourve per radianm

“a tall length f.aom center of gravity to rudder hinge
line, feet

a8pect ratio

tail efficiency factor., .. . .. ---- .. .. .

rate of change of yawing-moment ooafficient with
angle of eidealip in radiana (dO~/d~) “

angle of sideslip, degreee
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All foroea and momenta are given with respect to
the stability axes.

APPARATUS

Wind Tunnel ‘

Tha details aILd th~ operation of the MAOA free-flight
tunnel arz deeoribed in raferonce 1. Dynamic modelk may
be flown in the tunnel under the ramote control of a pilot
seated below tho test saction. The pilot obsorvos tho
stability and control charactcrlstlcs of the model’ whilo
attempting to fly it along a fixed oourso.

“.
.. Tho pilotls -

observations are aupplomont~d by motion-picture rocordii r.

of the modol la flight. A photograph of the modol as
tastad in flight 1s shown in figure 1.

Balance

The aix-oomponent balance iS located on top of the
tunnel test section as shown in figure 2. A removable
strut is used to attach the model to the balance.

A diagrammatic sketch of the balance proper Is pre-
sented as figure 3. The linkage of the bale.nce is arranged
to give the moments direetly with respect to a point located
within the model. The angleeof attack and Fav may be varied
during the operation of the balance. The entire balance
rotates with tha model an yaw making the balance axes coin-
cide with the stability axes of the model.

Details of a typical balance-beam Installation are
shown in figure 4. Three types of .knifo odga ara used:
omeryD blocks and music wire. The forces nro manually
balanced with unit walghts and a sliding rider. Contnct
points at the end of the beam indicate m out-of-b~.l.anco
condition by lighting noon lamps in the circuit.

A photograph of the model mounted on the balance
strut is given as figure 50

Model

The model used in the investigation was a I/lO-scale
dynamic model of the Republic XV-41 airplane. A three-

●
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view drawing of the model showing how the original fuse- ~
lage was modifie& to form the long fuselage is giren as
f4gure-6w The model was oonstruoted ohiefl-y of balsa
with spruoe reinforcements. The fuselage was hollow and
oontainod the oontrol-operating meohanisme and a 3/4-
horsepower eleotrio motor oonndoted directly to a 13-inch
propeller. .

,. Three-quarter-front and sido Ytaws of tho model with
the normal fuselage are given as flguds 7;.with tha long
fuselage, as figuxe 8. -

!i!he mass and dlm.onsional charaot~ristics of tho air-
plane ropresonted by the l/10-soale model “are given in
the following table:

Weight, pounds . .. . .. . . ~ .-. . . . . . . . . . .
Moments of inertia, mlug-feeta

Ix . . . . . .. . . , , . . . .. . . . . . . . . _
Iy . . ● . .~ . . . . . . i . . . . . . . . . .
Ii . . . . . . . . . . . . . . . . ● . . . . . .

Span, feet. . . . . .. . . . . . . . . . . . . . . .
Wing area, square feet, . . . ● . . . . . . . . . .

Wing loading, pounds per square foot . . . . . . , .
ABpeCtratiOm . . . . . . . . . . . . . . ● . . . .
M.A.C.,.Inches. . . . . . . . . . . . . . . . . . .
Horizontal tail area, square feet . . . . . . , . .
Brakehoraepower . . . . . . . . . . . . . . . . .

6770

3390
5309
7953

36
223.7
30.3
5.8

74.6
54.0
1750

The horizontal tail on the model was 30 percent larger than
the horizontal tail speoified for the original =irplane.
The various vertical tails used in the investigation are
shown in figures 9 to 11. The dimensional oharacterietlos
of these tails and the tail lengths used, measured from the
oenter of gravity to the rudder hlngellne, are included in
table 1.

Test Conditions

.
,- ..- ,.dll.the.tests~ae.=de -with.,the center.ofgravity at

26.4 peroent of the mean aerodynamic chord. !Vhe landing .
gear was extended for all tests.

— .. .- . ■
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“~light !l!ests. .-
/:

In the flight tests the eLevator-trim setting was
varied over a aange sufflolent to cover the airspeed

.“ range of tho model. Although the stability and oontrol
oharactorlstlce of tha model.woro notad at ~aoh alrspood,
particular attention was given the low-epeed oondltlona.
The following pr~oedure wag followei and ratlngfa for each
condition were assigned by the pilot:

(a) The general stability characteristics were
d~terrnlned by noting the behavior of the model with
controls fixed

(b) The control requirements were noted when the ‘.
ailerons and rudder wore. used togother for lateral oontrol

. .
(o) The behavior of the yodel was noted when the

aijerona a~one. waro UEi?d f9r. lateral control

(d). finally,. tho rUdddI? was usad as ti~u solo moans
of lateral control and its effeo”tlveaase in picking up . “
al’ow wing was noted.,.

The ratings” giv”on by tho pilo”t for tho various fl~ght
teets kre given !n table 11. A rating of WAR “ia considered
necessary with a.ilerone and rudder used together, a rating
of flB~ is considered satisfactory for ailerons alone, and
a rating of tiCn la ooasidered aatiefaotor~ for flights with

“ rudder used alone for lateral control.

Force Tests ,

In the force tests, the dynamic presoure waa held
constant at 2.825 pounds per square foot. The speed of
tho modol propell~r was varied to represent thruet cooffi-
olents from -0.03 to 0.51. A thrust coofficiont of 0.51
represmts 1750 brake horaapower with a propoll~r ~ffi-
c!iency of 80 porcont at an airspaod of 118 niles per hour.
qhe torque coefficient associated with the thrust coeffi-
cient of 0.51 represented a full-scale propeller speed of
1860 rpm. Mont of the tests were made with flaps retraoted
because the flight tests indicated that this condition was
the most critical for direatlonal etabllity.

Tho results or the force teste are given In figures 12
to 210 The basic aerodynamic characteristics of the model

.
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-‘wl’theach fuwelage” wtthout ‘propellers are +#ven in figure
12. The lateral-s tabilit$ Cht3rBtIt0riBti C6 of the model
with eaoh fuselage and” with vertlcial tall off are given in
figure 13. The effect of flaps on the lateral-stability

=
3

oharactsrlstlos of the model with normal fuselage, tall 1,
and winctmllling propeller Is shown in fighre 14. Z!he

A direotl~al-stablllty charaoterietlcs of the model vlth
the normal fuselage and various vartlcal tailo ara given
in figure 16 four propeller windmllling and in figure 16
for power on.” Slmllsar data are given in figures 17 and
18 for the model with the long fuselage. A Gross plot of

cn~ against the ratio of tall length to wing span is

given in figure 199 In figure 20, the Inorement of
yawing-moment coefficient due to vertical talla of two
different aspect ratios are given for the model with long
fuselage and propeller windmllling. The variation of the
rolling- and yawing-moment and lateral-force coefficients
with thrust aud. torque coefficlegt are given for the model
with the long fuselage for various vertical-tall configu-
rations in figure 21.

The values of the directional-stability derivative
Onp for all conditions tested ara summarized in tablo I.

The Inorement of directional stability contrlbutod by the
vertical tails ACn$t was obtainad by daductlng the slope

with the tall removed from tho slope with the tall on. The
aalculatod values of “n~t given in table I wore 0bt8in0d
by the oquatlon

The ratio qt/q WaS ass~e~ *O be unity With a windmilling
propeller for tho slng~o tails and for both power conditions
for tho twin tails. owor-on conditions yith singlo

qt
‘or ‘he*Rc was used.. The ratio oftails, a ratio of ~ = 1 + ~

the meaeured Inaremknte to the calculated valuee of
...--- .-..-!, .. . . . . ,., ‘c%

,.

gives an indioatlon of the tail effitriency of each arrange-
ment,



— -.

I

“a

DISOUSSIOlf ~

Mffect of Yuselage Length ..

!Che direct effeots of fuselage leng~h on the lateral-
stabllity characteristics of the model ae d~termined from
the farce teeta with the vertical tail removed are shown
in figuro 13. The offocts of tail length On the directional-
stabllity derivative Cn for different tail and powor con-

B
ditions aro shown In figure 199 Tho long fuselage had a
coneidorably groator unstable yawing momont that tho normal
fuselage,without vertical tail surfaces. The increase was
approximately proportional to the increase in fuselage length
Part of this increase in unstable moment with the long fuse- ,.
lage was undoubtedly due to the larger cowling nad the more
forward position of the propeller on the long fuselage but
the greateet effect wae believed to be due to the increased

t length. With power on. the unetable moment increased with
both fuselages but the increase was more pronounced with
the long fuselage. ..

With vertical tail 2, whioh has low aspect ratio, “
practically neutral directional etab$lity wae obtained with
either fuselage. This effect indicated that the incroaeod
moment arm of the long fuselage provided only sufficient
additional yawing momant to affsot the additional unstable
mbment” of the fuselage. The”increased tail length provided
the expected increase in tho incr~ment of directional
stability contributed by the tail as indicated by the fact
that the tnil-afficienoy fnctors ~t in table I had npprox-
Imataly the same valuas.

With tail 3 or 4, whioh has higher aspect” ratio than
tail 2, somewhat higher values of Cnp were obtained with

the long fuselage than with the normal one for either power
on or power off. !l!hiseffect ie particularly significant
for it means that, although a deficiency in Cne cannot

be overcome by increasing the tail length, increasing the
tail length of an airplane that has a positive degree of
directional stability will allow some reduction in tail
area~ This effect is to be expacted inasmuch as both the ~
unstable moment of the fuselage and the increment of moment
from the tail are directly proportional to the fuselage
length.
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!L!he”f15ght-test r6sults were in good agreement with

the reeultrs of the force tents. The same tail area was
requireil with the long $’ueelage 8s with the normal one
when either tail 1 or 2, whloh has low aspeot ratios was
used, Although tall 2 on the long fuselage provided the
came tail volume an tatl 1 on tha normal fu601a@, the
flight tests indioatod somowhat lose stability than when
tail 1 was uutidn In fact, with .tail 2, the model with
the long fu~elage would trim at an angle of yaw of sither
10° or -10°, verifying the flat Bpot h the yawing-moment
ourve of figure i7. With either tail 3 or 4, whloh has
higher aspeat ratio than tatl 1 or 2, however, good flights
were obtained with either fuselage as indicated in table II. -
Tall 4 on the long ~uselage”provided the same tail volume
as tail 3 on th”e normal fuselage. !Cail 3 on ths long fusa-
lage provideil the best flying arrangement for the model,

Effect of Vartlcal-Tail Shape

A Btudy o“f t~e yawing-moment curves of figuras 15 and
17 Indicated that the flat spot near %ero yaw was ohiefly
a result of Insufficient tall moment although there was
undoubtedly some shielding of the vertical tail at angles
of yaw from -100 to 1000 This effect is shown in figure “
20 in which the increments of yawing-moment coefficient
due to the vertiaal tall are plotted for tails 1 and 3 on
the long fuselaga. With either tall, the slope is constant
for angles of yaw from 10° to -1OO.

The first ohange in tall. shape, designed to provide
more tatl moment, was simply an Imrease in the aspect ratio
of the original tails without change of area. Tails 3 and
4 have the same area as tails 1 and 2 but have aspeot ratios
of 2.28 Instead of 1000. With either tail 3 or 4, the flat
spot in the yawing-moment aurves was allminated for tho wind-
milllng oonditlon as shown in figures 15 and 17. The inoro-
mants in yawing-moment slope duo to tho tails AcnBt given

in table. I Indloata that the tails whiah hava the highor
aspect ratio provided approxlmatoly tho inoroaso in slopo
thmf would be axpeeted. Tho effoetlvonoaa of tha vartiaal .
tail was ~ncroasod 67 p~roont by this lnoro~se of aspect
ratio.

Elth~r tail 3 or 4 provided moro s~tisfactory flWing
oharactoristlas and appeared to be moro offactive in ovory
roepoct than tall 1 or 2. ~rom a simplo amal~slm tho oon-
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dition” of’neutral ”stablllty enooukterad” ”w.~th’tails 1 and 2
in the windmilling oondltion at small ahgles:oof yaw might “
$e “expeote& to provide a steadier flyln:g~airplane inasmuch
as simple side gusts would not change tl;e heading of the
airplanet” In the flight tests of the qodel in the tunnel,
however, the steadiest flights were obtained with the
vertical tails that prortded a posit.lve degree of di””rec-

. tlonal stability through zero yaw, .partl”cularly with tall
3. With tail 1 or 2, the model would-not hold any partic-
ular headirig but wauld wander from 5° left yaw to 5 right
yaw. “The low dihedral of the model proyanted any objection-
able roiling vith”the changes in angle of Yhw.and the model

“could be flown continuously. “@he wandering condltionc hov-
., .evbr, was bbjectionabl~ and was not improvad by lengthening

‘“the” fuselage; .W.ith tail 3, however. satisfactory” a;d stoa~y
flights we;e obtained and the model-was ”not unduly disturbed’-
by the turbulent air stream of the tunnel.

I

Andtiher attempt wae ma&e to eliminate the flat s~ot
on “tlieyaw curves by div$d-$ng the original tail Into twin .
tails and locating ~hem,n~ar. the stabilizer tips on the
upper surface tQ get the .t.ailarea “av87 from the influence
of the f%selage”. The .aap.ect ratio end the total area of .
the twin-tails (tall 5) wene the s“qme.as for tall 3. A
%ood yawtng-moment curve was obt”aiiqedwith these tails
with a witidmilling propelle$ (fig.” 17) but, with powe”r on .
(figi 18), a flat spot was not”icad at negative angles of
yaw. Inasmuch as tails 3.and”4 “weraI“satisfactory, no further .
tests were made with the twin tails.

.

“Wi*h the pro~eller wipdmill@g, the” twin tails, tall 5,
provided more tall moment than tail 3 apparently because
they waro located away from th~ reduced velocity ragion
naar tha fuselage. With power. ~n, however, tall 5 wae
mlsaed by the sllpetream at low ~hglee. of yaw and the
increased unstable moment o.f the fuselage with power on
reduced the over-all stability of the..rnodel aa indicated
in figure,19.

!Che dorsal fins shown in figure 10 with .tail 1 and in
figure 11 with tail 3 were principally effective in pro-
viding directional stability at large angles of yaw. only “
a slight effect was measured at small angles of yaw; The
stability characteristics of the model in fllgh”t were not
changed Iri the normal-flight range by the addition of dorsal

~ fins. .It is believed, however, that the dorsal fins would
rastr~ot the trim angles of yaw to raaaoilablo values for the

. high-power conditions.
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Effeat of Power
. . .. . . . .. .. . . _

The Increase. in the itistabld $iawtng mometi%-af ‘the
fuselage due to power shown in figure 13 was more pro-

F

?

nounced with the long fuselage than with the aormal one.
The Incroaee is apparently due to the inereaaed veloaStY “ .
of the slipstream passing over the unBtable fueelage.
Powsr also introduced a lateral foroe, a rolling moment,
and a ~awlng moment at zero yaw that were approximately

.

proportional to the torque ooeffioient as shown Sn fig-
ure 21. ●

. .
--- !Che increase in directional at~blllty ACn~t eon- ‘

.tributed by the variouE shgle tailu with power on wae a
direct function of the ellpatream velocity. This effeot
Is indioated by the faot that the effioiancy factort? q~

t.

were substantially the ,samo with powar on as they were
with a windmilllng propellor when an average slipstream-
velocity factor was used in the oalculatlons.

In flight the model”was more stable with power on
for all conditions tested. The tendenc~ for the modol
to wander In yaw with tail 1 or 2 was eliminat~d when
power was applled.

.

CONCLUSIONS

Trom the results of free-flight-tunnel tests of a
l/10-scale dynamic model, on which two fuselage lengths
and various vertioal-tall arrangement were used, the
followlng conclusions wera drawn:

1. Incraaslng the length of ths fuselage was not a
satisfactory means of oonvortlng a neutrally etable alr-
plano Into a directionally stable ono because the unstable
moment of tho fuselage as well as tho tall effectivonoee
increaeed &irootly as the fuselage length.

2. Inoroasing. the length of tha fusolaga of a direction-
ally etable alrplano allowod some reduction in vertical tail
area.

8. The use of vertical tail surfaces of high aspeot
ratio was definitely benefiolal. Increasing the aspeot ratio
from 1.00 to 2.2e Inoreased the tail effectiveness by 67 per-
oent.
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4. power had a stabilizing effect on directional
stabili-ky for single tails and a destabilizing effect
for twin tails.

5. Dorsal fins improved the directional stability
at large angle5 of yaw,

Langley Memorial Aeronautical .Laboratory,
National Advisory Committee for Aeronautics,

Lan~ley Field, Va.
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TABLE II

.——

Vertical
tail

——T

1
2
3

.“ 4.

1
2
3
4

1
2
3-
4

1
2“
3
4

. .y.——

i?lap
deflec-
,tion
{deg)

7

)
0

>’

]

0

7

]

60

1

60

RATINGSOF LATERALSTABILITY.ANDCONTROLEWSXDON I?ILOTJS
z

[OBSERVATIONSOF BE-HAVIOR.03’MOD-ILIITl?LI&HT

*

Thrust
:0effi-
cient,
Tc

-0,03

.20

-.03

,20

Normal fuselage

JDirec-tional.
stability

(
c

\

c
B+

L ~-

{

c+ ~
c
A-
B-t-

f
B-
C-t’

1
A
A-

{

B
Gl-
--

A-

—-
Control

Aileron
and

rudder

A-
A-
A
A

A
A.-
A
A

li

A.

A

.4

A
A
--
A

Aileron
alone

B-
C
B+
B

B
~.

A-
A-

3+
B+
A
A-

B+
B+
-—

.4-

Rudder
alone

D
--
c-l-
--

D+
--
--
--

D“
--
c-

‘C

D-
D
--
“c

Long fuselage

Control

Direc-
tional

stabilit~

--

c
A
B

--
—

A
3-!-

—

.
--

I
—.

Rating 1. Sta%ility I Control

Aileron
and

rudder

--

A-
A
A

--
--
A
.A-

--
--

A
A-

-.
—

A
A

Aileron
alone

——
-.
B-
Ar-
A.

--
: --

A
A-

--
—

A
J,-

--
A
A-

Rudder

alone

--

D
o-
C- ,

.
--
--

D
D+

—

c
D

--
--

D
D

‘A Sta%le Good

B Slightl;~stable Fair
c Neutral Poor
D Unstable Unsatisfactory



NACA Figs.1,5

Figure l,- Teat eeotlon of NACA rree-rlighttunnel showing powered model in flight.

Figure 5.- Test sectioxof NACAfree-flighttupnel snowingl/10-sc~e model mounted
on balancestrut.
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NACA Fiq. 3

FIGLRE 3.–D/ffgrmn ofstw-com~nwl batmce n free-fl~hf
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NACA ~“”u- Fig. 6
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NACA Fig. 7

(a) Three-quarter ffont view.
Figure 7.- Views of l/10-scale model with normal fuselage and

tail 1.

(b) Side view.
Figure 7.- Concluded.



NACA Fig. 8

(a) Three-auarter front view.
Figure 8.- ~~~s26f-1/10-6cale model with long fuselage and

.
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NACA

I%ure Id.– The effect of fuselage Ienqth on the yaw characterlstjcs of
the model with the vertical tall off.c+= 8: flaps neu~ral
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FIGURE 21. –
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